Objectives: Patients with early-stage distal rectal cancer, if treated with radical surgery, usually suffer a poor quality of life. Definitive radiotherapy or chemoradiotherapy may be another treatment option for them. The aim of this study was to evaluate the role of definitive external beam radiotherapy or chemoradiotherapy in treating distal rectal cancer with stage cT1-2N0. Methods: We performed a retrospective study of 231 distal rectal cancer patients who were staged as cT1-2N0 from March 2002 to March 2015. All patients were treated by definitive radiotherapy or chemoradiotherapy. Overall survival (OS), progression-free survival (PFS), and short-term efficacy were analyzed. Multivariate analysis was performed to explore clinical factors significantly associated with PFS, local recurrence-free survival (LRFS), and distant metastasis-free survival (DMFS) for the whole group. Results: For the whole group, 135 patients (58.4%) achieved clinical complete response (cCR). The 5-year OS, PFS, and LRFS were 86.19%, 83.30%, and 92.50%, respectively. Patients with cCR acquired better survival than those with non-cCR. In multivariable analysis, it revealed that clinical stage, carcinoembryonic antigen (CEA level) and concurrent chemotherapy were independent predictors of PFS. Conclusion: Definitive radiotherapy or chemoradiotherapy may be feasible in some earlystage distal rectal cancer regarding its favorable efficacy.
Introduction
Although surgery serves an extremely important role in the clinical management of rectal cancer, radiotherapy as adjuvant or neo-adjuvant treatment is becoming increasingly common in the comprehensive treatment of locally advanced rectal cancer. [1] [2] [3] [4] In early-stage rectal cancer, even though surgery remains the optimal treatment method, a small group of patients who are not suitable for surgical resection persist. For example, they may be medically unfit for surgery due to a comorbidity or some of these patients may be reluctant to undergo colostomy for tumors located in the lower rectum. 5 Definitive radiotherapy for rectal cancer has been previously reported. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] However, patients enrolled in those studies were usually unselected, and the details of the clinical tumor stage were unclear. The reported 5-year overall survival (OS) for patients undergoing definitive external beam radiation therapy in most of these studies was <50%, 9, 14, 15 but it is still unclear if patients with early-stage cancer achieved better clinical outcomes than the average OS reported for total patients. As we have described, some patients with low rectal tumors demand a sphincter-sparing treatment course.
Whether there is a subset of early-stage, low rectal cancers that could be treated by radiotherapy remains unknown. It would be quite a value to patients to identify a new treatment method that would avoid restorative anastomosis for early-stage, low rectal cancer patients. Toward this aim, our current study evaluates the effectiveness of definite external beam radiation therapy in treating early-stage, distal rectal cancer and explores clinical factors that predict clinical outcome.
Materials and methods

Ethics statement
This research was approved by the Ethics Committee of Affiliated Cancer Hospital & Institute of Guangzhou Medical University. The written informed consent was obtained from every patient included in the study. This study was conducted in accordance with the Declaration of Helsinki.
Patients
We underwent a retrospective review of rectal cancer patients who underwent treatment at the Affiliated Cancer Hospital & Institute of Guangzhou Medical University from March 2002 to March 2015. The selection criteria in this study were as follows: 1) patients with rectal adenocarcinoma located in the distal rectum (tumors located <7 cm from the anal verge) with a clinical stage of cT1-2N0M0, 2) patients who underwent definitive radiotherapy or chemoradiotherapy, 3) no evidence of distant metastases during the treatment, 4) no concurrent malignancy or prior history of radiotherapy to the pelvis. After carefully reviewing the available medical records, 231 cases were included. All patients refused surgery or were medically unfit for surgery.
Evaluation
Before treatment, patients underwent staging workup that included chest radiography, abdominal ultrasound and CT with the aim of ruling out possible metastatic disease. Sigmoidoscopy or colonoscopy was performed to accurately measure the distance from the tumor to the anal verge. Endorectal ultrasound was performed on patients to accurately determine the T stage. Pelvic computed tomography (CT) or magnetic resonance imaging (MRI) was also administered to patients to detect possible lymph node metastasis in the pelvis. Other examinations, such as serum CEA, complete blood count and liver function tests, were also performed.
Treatment
The employed radiotherapy technique was based on a three-dimensional conformal radiotherapy treatment planning system or intensity-modulated radiation therapy (IMRT). In contouring the relevant radiation area on the planning computer, the principles were as follows: the clinical target volume (CTV) included primary rectal tumor, perirectal tissues, pre-sacral lymph nodes, internal iliac lymph nodes and obturator lymph nodes. The superior border of the CTV was the bottom of the L5, and the inferior border was 2-3 cm distal to the tumor. The anterior border was the posterior margin of the bladder or uterus, and the posterior border was the anterior margin of the sacrum. The planning target volume (PTV) was typically defined as the CTV plus 5 mm (P-CTV).
Definitive radiotherapy consisted of two phases. In the first phase, the prescription dose was administered to the whole pelvis (P-CTV). The most frequently prescribed schedule was 46 Gy in 23 fractions over 4 weeks. Some patients were administered 50 Gy in 25 fractions over 5 weeks. For those who received IMRT, the prescription does was typically as follows: P-GTV: 50 Gy in 25 fractions, P-CTV: 46 Gy in 25 fractions. After the first phase, an additional 10-18 Gy divided in 5-9 fractions was boosted into the primary tumor in a second phase. The selection of the second phase radiation dose was based on the tumor response to (chemo)radiotherapy during the first phase and the physician's preference. Furthermore, the prescription dose for each patient was tailored with the consideration of limited dose for the small intestine and colon. One hundred twenty patients received concurrent chemotherapy. 
Assessment of treatment toxicity
In the present study, the treatment toxicity was graded by using Cancer Institute Common Terminology Criteria for Adverse Events, version 5.0. Any grade ≥3 toxicity was defined as severe adverse events. And the details of adverse events for each patient were recorded in our database.
Follow-up
The first evaluation was at 3 months after the completion of radiotherapy; subsequent follow-ups occurred every 2 months for the first 2 years and every 6 months thereafter. Important evaluations included complete blood count, biochemical routine, CEA and physical examination during each visit. Chest radiography, CT or MRI scanning of the abdomen and pelvis and colonoscopy were conducted every 6 months. The follow-up for each patient was clearly recorded in the database.
Study endpoints
The endpoints for our study was short-term response of the primary tumor or local control rate. The secondary endpoints were progression-free survival (PFS), OS, local recurrence-free survival (LRFS) and distant metastasisfree survival (DMFS). Treatment-related toxicities were graded according to the Radiation Therapy Oncology Group (RTOG).
Statistical analysis
All statistical analyses were performed using SPSS software, version 19.0. Categorical variables were analyzed using the Chi-square test or Fisher's exact test. Continuous variables were analyzed with the Student's t-test or the MannWhitney U test. Univariate and multivariate analyses of clinical complete response (cCR) for the whole group was performed using binary logistic regression. And in the multivariate analyses of cCR, all the possible clinical factors were included. The Kaplan-Meier method was used to compare PFS and OS rates. Multivariate analysis of PFS, LRFS and DMFS was performed with Cox proportional hazards regression, and the Cox-proportional hazards model was performed using a forward conditional selection of variables. p<0.05 was considered to be statistically significant.
Results
Clinical characteristic
There were 231 patients who met the criteria and were included in this study. (Table 2) . In multivariate analysis, we found that clinical T stage, concurrent chemotherapy and radiation dose were independent predictors of cCR rate. Other variables, such as gender, Hb, CEA and tumor grade, were not significantly associated with cCR (Table 3) .
Survival analysis
During long-term follow-up, 31 patients died, and the 3-year and 5-year OS were 93.90% and 86.19%, respectively, for all patients (Figure 1 ). There were 35 patients who had tumor progression. Among them, local progression occurred in 10 patients, distant failure occurred in 19 patients and 6 patients developed both local and distant failure. The 3-year and 5-year PFS were 90.03% and 83.30%, respectively ( Figure 2 ). Furthermore, patients who achieved cCR had improved survival over those without cCR (Table 4 , Figures 3 and 4) . Multivariate analysis revealed that clinical stage, CEA level and concurrent chemotherapy were independent predictors of PFS (Table 5 ).
Local and regional control
During follow-up, there were 16 patients who recurred or progressed locally. Of them, 6 patients had internal iliac lymph node recurrence, and the other 10 patients recurred or progressed at the primary tumor site. The 5-year LRFS was 92.50%. Multivariate analysis was performed to further explore the clinical factors that predict LRFS. We found that age, gender, Hb, tumor grade and clinical stage were not significant predictors of LRFS (Table 6 ). However, radiation dose, CEA and concurrent chemotherapy were significantly correlated with LRFS. Patients who received prescription dose more than 60 Gy or underwent concurrent chemotherapy achieved better local control than those who did not. Additionally, patients with a normal level of CEA also showed improved local control than those with elevated CEA.
Distant failure
In all, 31 patients suffered distant failure. Among them, 12 patients developed only liver metastasis and 10 patients developed only lung metastasis. There were 3 patients who developed both liver and lung metastasis. Bone metastasis was observed in 4 patients, and 2 patients' tumors metastasized to the paraaortic lymph nodes. The 5-year DMFS was 87.40%. Using multivariate analysis, clinical stage and CEA were identified as significant prognostic factors associated with DMFS. There was no significant association between distant relapse and other factors, such as age, gender, Hb, tumor grade or prescription dose ( Table 7) .
Toxicity of treatment
During the treatment, the most common acute toxicity types were diarrhea, neutropenia and radiodermatitis. Besides, the major types of severe adverse events (grade ≥3) observed were also diarrhea (17.3%), neutropenia (5.6%) and radiodermatitis (5.2%). As for the late toxicity, anal stenosis was found in 55 patients and 6 patients were graded as Grade 3. Anal ulcer occurred in 47 patients and 2 patients were with bad condition (Grade 4). Additionally, 52 patients were with chronic anal/rectal bleeding with different degrees (Table 8 ).
All the patients with severe adverse events were managed with further drug therapy or surgery with the aim to eliminate or alleviate the uncomfortable symptoms caused by the treatment. No patents died of severe adverse events.
Discussion
Our current study was focused on early-stage rectal cancer treated by definitive radiotherapy or chemoradiotherapy. The goal of this study was to explore the efficacy of definitive radiotherapy in early-stage rectal cancer and to determine the clinical factors associated with outcome. Our data showed favorable short-term response to definitive radiotherapy with an overall cCR rate of 58.4% and a 76.1% 3-month cCR rate in patients whose cancer was stage T1. Previous studies reported cCR rates varying between 29% and 56%. [6] [7] [8] [9] 14 The possible reason for the difference between our cCR rate and that of prior studies is that patients with more advanced-stage tumors were enrolled in prior studies. In contrast, the patients included in our study were all diagnosed with early-stage tumors. We further performed multivariate analyses, which revealed that clinical T stage, concurrent chemotherapy and radiation dose were each independent predictors of cCR. A published report showed that tumor fixation was 1  8  23  47  62  86  118  131  134  135  1  3  10  24  39  57  79  89  94  96  Non-cCR: non-cCR cCR p=0.002
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Months: Figure 3 The comparison of overall survival (OS) between clinical complete response (cCR) and non-cCR patients. Patients with cCR acquired better OS than those with non cCR (p=0.007).
the only significant prognostic factor for cCR. 9 The cCR rates for mobile, partially fixed and fixed tumors were 49%, 22%, and 9%, respectively. Actually, tumor fixation usually indicates T stage, with a fixed tumor often presenting with an advanced T stage, thus leading to a poorer cCR rate. We also found that concurrent chemotherapy or higher radiation dose corresponded with a higher cCR rate, which was not reported in other studies. 9, 14, 15 Perhaps more studies are needed to address this discrepancy.
The use of definitive external beam radiotherapy for rectal cancer has been previously reported. In the study by Brierley et al, 229 rectal cancer patients were treated by radical external radiation therapy, with prescription doses ranging from 40 Gy in 10 fractions administered as a split course over 6 weeks to 60 Gy in 30 fractions over 6 weeks. The overall 5-year actuarial survival rate was only 27%, with local recurrence found to be the main cause of treatment failure. Age and tumor fixation were significant predictors of survival, indicating that patients with older age or fixed tumors achieved a shorter survival. 15 However, risk factors associated with local control and distant metastasis were not analyzed. A subsequent study performed by Wang et al further enrolled more patients at the same institution. Their study showed that tumor fixation and annular tumor were poor prognostic factors for local relapse in patients who achieved initial complete response. Additionally, patients with high pre-treatment CEA levels and unresectable tumors were more likely to suffer distant failures. 9 However, there were some flaws concerning these two studies. First, the two studies did not present clear clinical stage evaluations before treatment. Although the OS was poor for the whole group, the OS for the subgroup with early stage may have been favorable. Furthermore, the main factor analyzed in their studies was tumor fixation, which is difficult to accurately evaluate as it is a subjective measure obtained during physical examination. For unselected rectal cancer patients treated by definitive radiation, although the 5-year OS is still poor for the whole group, chemo-radiation or radiotherapy alone do offer safe alternatives with acceptable efficacy in patients who are considered medically inoperable or refuse to undergo surgery. 6 Our data showed that the 5-year OS and PFS for earlystage rectal cancer treated by definitive radiotherapy were 86.19% and 83.30%, respectively. Multivariate analysis showed that clinical stage and CEA level were independent predictors of PFS, which is consistent with previous studies. 9 Further analysis showed that a higher radiation dose resulted in better local control, which was not observed in other studies. 9, 14, 15 The local control rate was quite favorable in our study, which may be due to the early stage of the included patients, high radiation dose and high percentage of cCR. We also found that patients who achieved cCR attained better outcomes than those without cCR. A similar conclusion was also reported by Habr-Gama et al 16 .
In their study, 265 patients with resectable tumors of the distal rectum were treated with chemoradiation with concurrent 5-fluorouracil-based chemotherapy. Seventy-one patients (27%) achieved cCR. Conversely, 22 patients (8%) were scored as having an incomplete clinical response and underwent resection with a final pathologic stage of ypT0N0 (pCR). When comparing the cCR group to the pCR group, the 5-year OS was significantly higher in the cCR group (100% vs 88%; p=0.01), and the 5-year disease-free survival was similar at 92% versus 83% (p=0.09), respectively. This study was further updated in 2006 with similar findings.
17 Due to these favorable results, a wait-and-see policy was suggested for cCR patients when surgery was considered to be necessary after chemoradiation. 18, 19 Our results showed that some patients achieved cCR after definitive radiotherapy or chemoradiotherapy, while some patients only achieved PR or SD. Specific molecular mechanisms must regulate the tumor response to chemoradiotherapy. For example, Astakhova et al found that chymotrypsin-like activity of proteasomes (CTLA) was threefold higher in untreated rectal cancer patients compared to normal tissue. However, expression of total proteasomes and immunoproteasomes was 1.4-3.3 times reduced in patients who received neoadjuvant chemoradiation therapy compared to untreated patients. The authors hypothesized that CTLA in rectal carcinoma may be regulating the expression of immune subunits. Chemoradiation therapy suppresses the expression of immune subunits in the tumor and thereby downregulates proteasomal CTLA. Thus, the expression of immune subunits and proteasomal CTLA may serve as potential markers to predict the effectiveness of neoadjuvant chemoradiation in patients with rectal cancer. 20 In another study performed by Rau et al, results showed that patients with decreased p21 expression following chemoradiotherapy achieved better disease-free survival (p=0.03) and patients with increased proliferative activity, as measured by increased post-therapy Ki-67 expression, also had better disease-free survival (p<0.005). They concluded that dynamic induction of p21/WAF1/CIP1 was associated with a lower proliferative activity but an ultimately worse treatment outcome following neoadjuvant chemoradiotherapy, and the induction of p21 represented a novel resistance mechanism in rectal cancer undergoing preoperative chemoradiotherapy. 21 In clinical practice, organ preservation is important for maintaining quality of life. Radical resection for distal rectal cancer may result in a permanent stoma or coloanal anastomosis with associated bowel dysfunction. Along with this, sexual and urinary dysfunction, difficulties with wound-healing, infection and anastomotic leaks are also common in patients who receive surgery. 5 To the best of our knowledge, this current study is the first large-scale study to explore the efficacy of definitive radiotherapy or chemoradiation for distal rectal cancer, and we have demonstrated that definitive radiation for early-stage rectal cancer is feasible with favorable OS and organ preservation. With respect to treatment toxicity, the incidence of severe adverse events (grade ≥3) was found to be higher in our study compared to that reported by Wang et al. 9 Possible explanations for this difference include the higher radiation dose given and the concurrent chemotherapy used in our study. However, all the patients tolerated the treatment toxicity with or without supportive medication. Of course, our study is not without limitations. First, it is a retrospective analysis. Second, some eligible patients were lost to follow-up, which may have created a selection bias.
In conclusion, definitive radiotherapy or chemoradiotherapy is feasible for early-stage distal rectal cancer. However, further, randomized controlled clinical trials are in need to more directly assess this treatment approach.
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